ABSTRACT We identiÞed the factors that affect the early colonization of burned stands by adults and the progeny surviving in Þre-killed black spruce trees for three cerambycid beetles: Acmaeops proteus proteus (Kirby), Acmaeops pratensis (Laicharting), and Monochamus scutellatus scutellatus (Say) (Coleoptera: Cerambycidae) in the northern Canadian boreal forest. Furthermore, we measured if progeny emerging from burned trees was related to patterns of adults captured in traps the same year as the Þre. Fire severity at the stand and landscape scales were the most important predictors for colonizing adults. Except for A. pratensis, thick-barked and lightly burned trees positively inßu-enced the occurrence of surviving progeny at the tree level. Last-instar larvae of A. pratensis emerged from burned trees more often in severely burned landscapes. This may result from biotic interactions with intraguild species or predators. With the exception of A. pratensis, variables affecting the postÞre abundance and occurrence pattern of adults were strikingly different from progeny emerging after Þre. Progeny emerging from burned trees was almost exclusively related to tree-or stand level characteristics, whereas colonizing adults were correlated with variables measured at various spatial scales, and most often at the landscape scale. Moreover, A. proteus proteus and M. scutellatus scutellatus adults were more common in severely burned landscapes, although their progeny emerged more often in lightly or moderately burned trees. Host selection behavior within stands (e.g., host acceptance) by colonizing adults or host suitability for the larvae might have caused this discrepancy.
WildÞres constitute the most important natural disturbance in the northern boreal forests of Canada (Rowe and Scotter 1973) . One obvious consequence of stand-replacing Þres in the boreal landscape is the production of huge amounts of woody detritus all at once (Boulanger and Sirois 2006) . This dead wood is a habitat for a tremendous diversity of saproxylic insects (Saint-Germain et al. 2004a, Boulanger and Sirois 2007) , i.e., species that depend for at least part of their life cycle upon dead or dying wood of moribund or dead trees, upon wood-inhabiting fungi, or upon the presence of other saproxylic species (Speight 1989) . Among saproxylic species, several are truly xylophagous as they feed directly on the subcortical tissues, xylem tissues, or both of dead trees (Haack and Slansky 1987) . Along with Buprestidae and Curculionidae (mostly Scolytinae), long-horned beetles (Cerambycidae) are commonly associated with Þre-killed trees in the northern boreal forest (Boulanger and Sirois 2007, Boulanger et al. 2010) . Members of this family use the recently generated woody debris as feeding substrates during their larval development. In British Columbia, Canada, annual damage caused by large woodborers has been estimated at Can$43.6 million (Allison et al. 2001) . Therefore, heavy colonization of Þre-killed trees by deep-boring species such as the whitespotted sawyer (Monochamus scutellatus scutellatus [Say] ) may greatly reduce the market value of postÞre salvaged timber.
Colonization by long-horned beetles occurs shortly after tree death with most species arriving during the year of the Þre (Boulanger and Sirois 2007, Boulanger et al. 2010) . Successful colonization of postÞre snags is known to be affected by various tree-level characteristics. Thicker bark and phloem are known to increase larval survival (Peddle et al. 2002) . Tree diameter (Saint-Germain et al. 2004b,c) ; moisture content (Savely 1939 , Kelsey and Joseph 1999 , Saint-Germain et al. 2007 ; and tree age and vigor before death (SaintGermain et al. 2004b ) can all inßuence larval survival. In Þre-killed trees, most species have been shown to be more abundant in lightly or moderately burned than in severely burned trees (Cerezke 1977 , SaintGermain et al. 2004b . Fire severity usually reduces the treeÕs nutritional quality, which in turn has a great impact on larval survival (Haack and Slansky 1987) . Host selection and suitability in a postÞre context are largely unknown for most xylophagous species including Cerambycid beetles (Saint-Germain et al. 2004b) . As environmental conditions shortly after Þre are markedly different from those occurring in unburned forests, one may expect that Þre-related attributes will greatly affect colonization success.
The effective colonization of snags depends to some extent on the adult host selection behavior in the burned forest. Dead wood colonization is viewed as a multistep process involving adult dispersal and habitat location, landing on a potential host, postlanding host assessment, and acceptance that leads to oviposition on a suitable substrate (Saint-Germain et al. 2006) . Although there are still uncertainties regarding where adults might emigrate from, high dispersal abilities for most initial colonizers suppose that individuals may disperse from remote source habitats, some external to the burned area itself. This process implies the appraisal of multiscale habitat features by adults (Holland et al. 2004 , Gibb et al. 2006 , Boulanger 2010 . Indeed, beetles may Þrst disperse toward new habitats by using cues at a coarse scale and then select hosts by using Þner scale habitat attributes (Boulanger 2010) . Even though local Þre severity is largely known to affect the abundance of dispersing cerambycid beetles the same year as the Þre , other landscape-scale characteristics may affect the subsequent snag colonization as a direct consequence of adult dispersing behavior. As a result, one might expect that variables affecting habitat selection by dispersing adults will be reßected in larval abundance patterns (Thompson 1988 ). The relationships between variables affecting adult abundance during the year of Þre and those affecting subsequent snag colonization have never been explored before in Þre-killed trees.
During the summer of 2005, several lightning-ignited Þres burned 232,914 ha of mostly mature black spruce (Picea mariana [Mill] B.S.P.) forests in the James Bay area in northeastern Canada. This offered a unique opportunity to study the postÞre colonization of burned trees at multiple spatial scales by considering adult abundance, activity, or both during the year of Þre and the subsequent presence and abundance of the progeny in snags. The objectives of this study were two-fold. First, we aimed to identify the tree attributes associated with the successful colonization of Þre-killed black spruce by cerambycid beetles. Second, we wanted to determine if the presence or abundance of the progeny in snags was related to the same variables affecting adult presence or abundance in a recently burned area. In this respect, multiscale analysis of habitat characteristics associated with dispersing adults the same year as the Þre were compared with those affecting progeny surviving in Þre-killed snags.
Materials and Methods
Study Area. The study area is located in the northern boreal forest of Quebec, Canada, in the lichen woodland ecosystem (Rowe and Scotter 1973) of the James Bay area (Fig. 1) . The climate is low-subarctic with a mean annual air temperature of Ϫ3.6ЊC while January and July temperatures average Ϫ25 and 13ЊC, respectively. Annual precipitation averages 637 mm, 40% of which falls as snow (Environment Canada 1993) . Even-aged black spruce (Picea mariana B.S.P. [Mill.] ) and jack pine (Pinus banksiana Lamb.) forests occupy every nonedaphically limiting site. Unevenaged stands dominated by black spruce are found on paludiÞed sites on the lowlands, intermingled with extensive bogs and fens. WildÞre is the most important natural disturbance in this area and its average recurrence cycle is Ϸ100 yr (Parisien and Sirois 2003) . There is no Þre control in this region except in the immediate vicinity of municipalities and hydroelectric facilities.
Sampling Dispersing Adults. The sampling scheme was designed to cover various postÞre environmental conditions measured at different spatial scales (e.g., Þre severity, availability, and size of coarse woody debris) while locating plots at various distances from potential source habitats . Indeed, 66 plots were located within a 76,483 ha (52Њ00 N, 78Њ00 W) area that burned between 29 May and 9 June 2005 (Fig. 1) . Circular 400-m 2 plots were systematically located every 500 m on both sides of the two major roads crossing the burned patch. Within 7 d after the onset of the Þre, one trunk-window trap Environmental Characterization. Environmental attributes were recorded at the tree, plot, and landscape scales. At the tree scale, Þre severity was estimated as the proportion of charred bark on the main stem (Table 1) . One 3-cm-thick cross section was collected 1 m above the ground on every sampled tree. Cross sections were put in hermetically sealed bags in the Þeld to prevent moisture loss and later placed in a freezer to stop further fungal or bacterial degradation before laboratory analyses. Bark thickness was measured in the laboratory on four equidistant points on each side of the bole section. The moisture content (g.g
Ϫ1
) of debarked cross sections was estimated from the mass loss after oven drying and was expressed as a proportion of dry mass. Cross sections were considered cylindrical and volume was estimated by approximating the mean diameter and thickness to the nearest 1 mm. Wood density (g.cm
Ϫ3
) was expressed as dry mass over dry volume.
At the plot scale, DSH was measured on every living and burned tree with DSH Ն 10 cm. The DSH of all living and burned saplings (2Ð10 cm) was also recorded in a 100-m 2 circular plot centered on the trap. Fire severity on all stems with DSH Ͼ2 cm (Fire tree , 0 Ð 4; see Table 1 ) that were alive before Þre was assessed as the portion of charred bark on the tree trunk. A plot Þre severity index (Fire plot , 0Ð4) was computed for each plot as follows: . The volume of all logs with diameter Ͼ5 cm at the smallest end and the total basal area of snags with DSH Ͼ5 cm that were present in the stands when Þre occurred were determined in four additional 100-m 2 circular plots located 50 m apart from the central plot. The diameter at both ends and the length of the logs were measured. Log volume was estimated as a cone or a truncated cone if the main axis was broken. The decomposition stage was determined according to the Þve decay classes proposed by Hayden et al. (1995) and only for unburned logs and snags because it was difÞcult to determine the decay classes of highly charred debris.
At the landscape scale, Þre severity and the importance of potential sources (unburned stands and pre- viously burned areas) around the sampled plots were assessed from Landsat Þve TM satellite images taken after Þre in July 2005. We chose the Normalized Burn Ratio (NBR) (Epting et al. 2005) as that index showed the highest correlation (Pearson r ϭ 0.68) among analogous indices (Epting et al. 2005 ) with the plot Þre severity index (Fire plot ). A regression model predicting NBR as a function of Fire plot was developed to assign a Þre severity class to each pixel (unburned: predicted Þre severity Ͻ1.5, lightly: 1.5Ð2.5, moderately: 2.5Ð3.5, or severely burned: Ͼ3.5). Only coniferous stands (burned or unburned) were considered in the analyses. Fire severity was assessed in a 250-m buffer around the plot (Fire250) by averaging pixel predicted values of Þre severity within this buffer. We did not use larger radii to avoid buffer overlapping between plots (Holland et al. 2004) . Large (Ͼ10 ha) unburned coniferous stands as well as the Þre edges were delineated using these data. Distances to these habitats were measured as well as distances to two recent Þres that occurred in 2002. Detailed descriptions of the sampling procedure can be found in Boulanger et al. (2010) . Data Analyses. We restrained our analyses to cerambycid beetles that were found in at least 10 plots as adults and progeny to avoid Þtting models for uncommon species, which could have resulted in spurious species-habitat associations. By using this criterion, three species were considered in the analyses, i.e., Acmaeops proteus proteus (Kirby), Acmaeops pratensis (Laicharting), and Monochamus scutellatus scutellatus (Say). The two Acmaeops species were collected as last-instar larvae fallen in the collecting funnel, whereas M. scutellatus scutellatus specimens were collected as emerging adults.
Effect of Tree Scale Variables on Progeny. At the tree scale, we tested 18 biologically plausible models that included the characteristics of the burned trees (Supp .  Table S1 ). We mostly focused on characteristics that may be attributed to the Þre itself (Þre severity, moisture content) but also to the tree (diameter, bark thickness, wood density). As colonization may respond to intermediate Þre severity and thus be nonlinear, some models included Þre severity as a quadratic term. As the quality of subcortical tissues might be less affected by Þre severity in thick than in thin barked trees, we tested for interactions between Þre severity and bark thickness in several models. These models were tested on presence and absence data by using binary logistic regressions for all taxa except for A. proteus proteus because this species was fairly abundant (n ϭ 384) and occurred in nearly 67% of the bole sections. Abundance data of this species was modeled using negative binomial regressions considering high data dispersion. The most parsimonious models for each species were selected according to AkaikeÕs Information Criterion (AIC) corrected for small sample sizes (AIC c ). Multimodel inferences were used when the AIC c weight of the top-ranking model was lower than 0.90 (Burnham and Anderson 2004) .
Effects of Plot and Landscape Variables: Comparison Between Progeny and Adults. Trunk-window traps are useful tools to study the effects of environmental variables on cerambycid abundance (Boulanger and Sirois 2007; Boulanger et al. 2010) . Even if tree characteristics (e.g., diameter, Þre severity) may inßuence, to some extent, adult abundance collected in trunk-window traps , it has been suggested that such traps cannot be used to properly assess the effect of tree-scale variables on the colonization of burned trees (Wikars et al. 2005 , SaintGermain et al. 2006 . To compare progeny in burned trees with adult abundance in traps, we had to rely on the comparison of the effects of environmental variables measured at the same spatial scale, i.e., coarser than tree level. Indeed, we tested 24 different models to evaluate the effects of environmental attributes at the plot and landscape scales (Supp. Table S1 ) for both progeny and adults. In all models, we included the diameter of the tree holding the trap as a covariate to remove its potential impact on adult abundance as shown in Boulanger et al. (2010) . Progeny abundance in burned trees may depend on adult behavior the same year as the Þre and so models were built to account for such behavior. Hence, candidate models included attributes related to burned habitat quality variables and/or speciÞc potential source habitat variables. Models were developed to include variables associated with one or several spatial scales. Burned habitat quality was assessed according to the size and abundance of burned trees at the plot scale and to Þre severity at the plot and nearby (250 m) scales. We considered some speciÞc habitats from which colonizing adults could potentially emigrate during the summer when the forest had burned (Saint-Germain et al. 2008 ). These were related to unburned recent snags and logs (decomposition classes one and 2) in the plot, unburned forests or the recently burned forests (2002 Þres) and thus encompassed many spatial scales (Table 1) .
To avoid pseudoreplication (Hurlbert 1984) , data from rearing were pooled at the plot level. Logistic regressions were used to test the 24 different models on presence and absence of progeny per plot for all species except A. proteus proteus because this species occurred in 92% of all plots (see also above). For A.
proteus proteus, models were tested using linear regressions on the mean number of fallen larvae per bole section at the plot level. Mean larval abundance of A. proteus proteus were log(x ϩ 1) transformed before analyses to reduce overdispersion. Best models were selected using the AIC c criterion, whereas multimodel inference was used when several models were competing for the Þrst place (weight Ͻ0.90).
For adult data, Poisson regressions were used for A. proteus proteus and M. scutellatus scutellatus, whereas occurrence of A. pratensis was modeled using logistic regressions because it was rather uncommon. Log12 was dropped in models predicting the occurrence of A. pratensis adults as separation situations occurred for models including this variable (i.e., this species was absent in plots including unburned logs). Best model identiÞcation and multimodel inference were assessed as was done for rearing data.
All analyses were performed using R 2.12.1 (R Development Core Team 2010).
Results
Abundance and Diversity. Five species of Cerambycidae totalling 453 individuals were collected from bole sections (Table 2) . Among these, A. proteus proteus was the most abundant (n ϭ 384) and frequent (present in 66.7% of all bole sections and in 91.7% of the plots, Table 2 ). Abundance (n ϭ 1635) and diversity (16 spp.) of cerambycid species were much greater in trunk-window traps. However, the great majority of species were caught in low numbers (Ͻ5). Although Arhopalus foveicollis (Haldeman) was the second most abundant cerambycid species collected in the traps, no surviving progeny was collected from bole rearing. As in rearing, A. proteus proteus was the most abundant cerambycid beetle caught as adults with the trunk-window traps.
Effect of Tree-Scale Variables on Progeny Occurrence and Abundance. Fire severity and bark thickness appeared to be the most important variables for predicting A. proteus proteus abundance or M. scutellatus scutellatus occurrence at the tree level (Supp .  Table S2 ). Along with these variables, tree diameter also was included in top-ranking models for these two species, as well as wood density and moisture content for M. scutellatus scutellatus. Moisture content consistently appeared in the best models predicting the occurrence of A. pratensis (Supp. Table S2) but each model provided weak support.
Occurrence or abundance was negatively related to tree-level Þre severity for A. proteus proteus and M. scutellatus scutellatus (Table 3 ), but progeny occurrence of A. pratensis was not associated with any Þre severity. Nonetheless, the effect of bark thickness differed depending on Þre severity for A. proteus proteus (P Ͻ 0.05) and M. scutellatus scutellatus (P Ͻ 0.01). For both species, bark thickness had no effect on their occurrence and abundance at low Þre severity (Fire tree Յ 2), whereas it had a positive effect on severely burned trees (Fire tree Ͼ 2) (Fig. 2) . Physical properties of xylem had a weak inßuence only on M. scutellatus scutellatus as its occurrence was positively (P Ͻ 0.05) related to moisture content (Table 3) . Progeny were collected from bole sections sampled 1 yr after the Þre and placed in rearing conditions for 18 mo, whereas data from TWT are related to dispersing adults collected the same year as the Þre.
a Falling last-instar larvae. b Species that were retained in the Þnal analyses. 
Comparison Between Plot and Landscape Variables
Affecting Adults and Progeny. Adult Data. Top-ranking models for dispersing adults of all taxa, except A. pratensis, included predictors measured at the nearby, remote spatial scales, or both in addition to local burned habitat quality variables. However, the weight of top-ranking models was rather low and so we relied on multimodel inference in all cases to assess the effect of single explanatory variables (Table 4) . M. scutellatus scutellatus was strongly and positively inßuenced by the basal area of burned and unburned snags at the plot scale. Nonetheless, the presence and abundance Size of black circles is proportional to tree diameter and moisture content for A. proteus proteus and M. scutellatus scutellatus, respectively, because those predictors were signiÞcant after multimodel inference (see Table 3 ). of other taxa was not positively affected by the abundance or the proximity of potential source habitats. To the contrary, dispersing adults of A. proteus proteus and M. scutellatus scutellatus were actually more common farther from the 2002 burn (i.e., in the more severely burned northern area) (Table 4 ; Fig. 3 ). Likewise, this latter species was signiÞcantly (P Ͻ 0.05) more abundant as distance from Þre edges increased. At the 250-m scale, M. scutellatus scutellatus was positively related to Þre severity (Table 4) . At the plot scale, A. pratensis occurred more often in severely burned plots, whereas A. proteus proteus and M. scutellatus scutellatus were more common in moderately burned plots. Adults of this latter species were also much more common (P Ͻ 0.001) as the basal area of burned trees increased in plots. Rearing Data. Even though most top-ranking models included burned habitat quality variables at the plot scale, especially Þre severity (Supp . Table S4) , explanatory variables at all spatial scales had little or no signiÞcant effect on progeny abundance and occurrence in burned trees (Table 4) . Occurrence of M. scutellatus scutellatus was positively related to moderately burned plots, whereas A. pratensis was the only species to occur more often along with Þre severity measured in a 250-m radius (Table 4) . Source habitat variables were rarely included in top-ranking models and none had a signiÞcant negative effect on progeny occurrence or abundance (Table 4) .
Dispersing adults showed rather different patterns when compared with the subsequent emergence of progeny from burned trees. Except for A. pratensis, for which both progeny and adults were associated with severely burned stands or landscapes, dissimilarity mostly arose from divergences in Þre severity effect, mostly at larger spatial scales. For instance, proportionally, much more A. proteus proteus adults than emerged progeny were recorded in the northern and more severely burned area (Fig. 3) . Adults of M. scutellatus scutellatus and A. proteus proteus were positively related to Þre severity at relatively large spatial scales as opposed to emerging progeny, which were not affected by explanatory variables measured at these scales. In fact, differences in Þre severity effect tend to be attenuated at smaller spatial scales as adults were positively associated with moderately burned plots, whereas larvae were recorded more often in lightly or moderately burned trees or plot.
Discussion
Fire severity at the tree scale and bark thickness were the most important variables to predict abundance/occurrence of cerambycid beetles emerging from Þre-killed trees. With the exception of A. pratensis larvae that did not show any relationship with Þre severity at the tree scale, progeny emerged more commonly in lightly or moderately burned trees. Bark thickness had a positive impact on progeny emergence of A. proteus proteus and M. scutellatus scutellatus, especially in severely burned trees. Several studies (e.g., Cerezke 1977; Saint-Germain et al. 2004a,b) already have pointed out that severely burned trees, especially for tree species with thin bark, were less colonized by xylophagous beetles. Both characteristics may be linked to the suitability of subcortical (phloem and cambium) tissues, as all species reported in this study spend at least a part of their life cycle as larvae at the xylem-bark interface (Haack and Slansky 1987) . Rapid moisture losses or high temperature in the subcortical tissues can be detrimental to larval survival (Savely 1939; Saint-Germain et al. 2004a,b) . Nevertheless, moisture content had a positive effect on the larval occurrence of M. scutellatus scutellatus only. The latter is a deep borer species (Haack and Slansky 1987 ) that may be less sensitive to reduced moisture just beneath the bark. In contrast, A. proteus proteus and A. pratensis feed primarily on phloem and as such, they should respond to moisture content measured in the subcortical tissues only. We did not detect any positive effect of moisture on the abundance of those species probably because it was estimated without distinction between subcortical tissues and the xylem. One may argue that severely burned trees should experience faster moisture losses and/or higher temperature in the subcortical tissues, and hence support fewer larvae, as a result of lower albedo on the sun-exposed trunks. Effect of bark thickness may also be related to subcortical moisture/temperature conditions as insulating properties of bark should increase along with bark thickness. This effect may be especially important in severely burned trees where thick bark may partly compensate for higher moisture losses caused by severe charring, for example. Furthermore, trees with thick bark should have thicker phloem which may provide higher nutritional content for larvae and increase survival (Haack and Slansky 1987, Peddle et al. 2002) .
Fire severity measured at the plot scale, landscape scale, or both was the most important variable to predict the occurrence and abundance of adults the same year as the Þre, a Þnding that was noticed previously for these taxa . Furthermore, distance to previously burned areas (speciÞc source habitats) did not have any negative effect on adults, or progeny emergence. Limited dispersal from these source habitats would have resulted in lower adult populations in remote, suitable stands (Franklin et al. 2000) . If one assumes that such habitats may act as important sources of individuals to the newly burned patches (Saint-Germain et al. 2008 , this would mean that remote burned stands were probably within the dispersal range of the studied species . Nonetheless, this result must be taken with caution. Although no entomological sampling was conducted within these habitats, we assumed that these were likely to house populations from which adults might have emigrated. Most unburned stands in this area are old-growth (Ͼ150 yr old, D. Arseneault, personal communication), in which relatively large amounts of dead wood are found (Y. B. et al., unpublished data). Furthermore, a large amount of recent dead wood, a substrate that can be considered as a "nursery" for the 2005 Þre, likely was in the nearby (minimum distance, 4.8 km) 2002 Þres. Nevertheless, the possibility that individuals may have dispersed from other sources than those included in the current study should not be dismissed at this point. Indeed, in addition to locally unburned recent snags and logs, lightly burned woody debris located throughout the burned area may have provided beetles (Ulyshen et al. 2010) . The contribution of these potential sources was impossible to determine in the current study. This may have contributed to blurring the relationship between distance to source habitats and adult and larval presence and abundance.
With the exception of A. pratensis, rather high discrepancy was noted between variables affecting adult and progeny patterns. Several hypotheses, mostly related to the host selection behavior of dispersing and colonizing adults as well as to the suitability for larval survival and development, may explain these discrepancies. First, one may argue that part of this discrepancy is related to the fact that variables explaining progeny emergence and colonizing adult patterns are spatially structured at different scales. Thus, host selection behavior or variable host suitability may produce different spatial patterns at different scales. The colonization of Þre-killed trees involves numerous steps from dispersal and habitat detection toward female oviposition and larval development into the woody substrate. Saint-Germain et al. (2006) noticed that some xylophagous beetles use primary attraction at a coarser scale to locate potential hosts and then land on potential hosts randomly, and the Þnal assessment of the optimal substrate is made postalightment (Byers 1989) . Such behavior should produce measurable multiscale patterns for adults (Franklin et al. 2000 , Boulanger 2010 ), which may not necessarily be reßected in progeny emergence patterns. Indeed, as adults emigrate from distant sources during the dispersal phase, they may be collected as transient visitors while actively dispersing toward a suitable reproductive substrate. In this study, large-scale environmental attributes were selected in best models for adults whereas progeny emergences were related to attributes measured at much smaller spatial scales. In a parallel study (Boulanger 2010) , we found that the early postÞre abundance of many xylophagous species, including cerambycid beetles, was spatially structured at many scales (from 500 to over 2,500 m). One should therefore associate these large-scale patterns with the dispersal and substrate-seeking phase of adults, whereas smaller scale patterns for progeny emergence resulted from the overwhelming effect of smaller scale attributes affecting the behavior of the egg-laying females, the development of larvae, or both. This scale discrepancy might be associated with differences in feeding requirements between colonizing adults and larvae (Scheirs and De Bruyn 2002, Saint-Germain et al. 2004b) . Adult cerambycid species analyzed in this study are either anthophilous (A. proteus proteus and A. pratensis) or feed on green conifer foliage (M. scutellatus scutellatus). As such, one may argue that high dispersal related to both food foraging and reproduction may result in habitat selection accounting for large-scale environmental attributes (Holland et al. 2004 ). However, this hypothesis is rather unlikely as it would have suggested higher occurrence/abundance of adults near feeding resources (i.e., near unburned stands) (Saint-Germain et al. 2004b) , whereas adults were more common in severely burned landscapes.
Observed discrepancy between progeny and adult patterns also resulted from dissimilar Þre severity effects, mostly at larger spatial scales. Adults of both A. proteus proteus and M. scutellatus scutellatus showed a clear preference for the northern and more severely burned area as well as for severely burned forests in a 250-m radius despite the fact the larvae were more likely to be found in lightly or moderately burned trees. Dissimilar patterns between both life stages were also observed by Boucher et al. (submitted) . These authors found that adult saproxylic abundance was higher in burned sites compared with girdled sites (which may be similar, to some extent, to lightly burned forests), whereas the contrary was reported for progeny that emerged from reared logs. Nonetheless, such a discrepancy between adult postÞre preferences and larval abundance and occurrence of xylophagous species had not yet been reported in other studies.
One could hypothesize that higher attraction to severely burned landscapes may be related to the quantity of attractive volatiles emitted by such habitats. M. scutellatus scutellatus and A. proteus proteus are known to be actively attracted by smoke and ethanol (Ché nier and Philogè ne 1989, Allison et al. 2004) . Substantial amounts of attractants may be emitted by burned trees, especially by severely scorched ones (Kelsey and Joseph 2003) or those under high temperature or solar radiation (Kelsey and Joseph 1999) . As a result, higher amounts of these volatiles may have caused a greater attraction Joseph 1999, Pureswaran et al. 2004 ) to severely burned landscapes. Detection and appraisal of the optimal tree characteristics for reproductive purposes may have been performed at a smaller scale (e.g., plot-or tree-level) (Campbell and Borden 2006; Saint-Germain et al. 2006 , which may explain the smaller discrepancy between effects of Þre severity observed at Þner spatial scales. Nevertheless, with so little information regarding long-range orientation and dispersal of Cerambycidae species after Þre, such a hypothesis remains to be proven.
The apparent inability of cerambycid beetles to wander Þrst toward high-quality landscapes regarding larval requirements in a postÞre context is intriguing and a rather counterintuitive result if one assumes that it is directly related to the colonization behavior of adults. According to the optimality theory, species should select attributes that maximize species Þtness (Parker and Maynard Smith 1990) . Dispersing adults should thus Þrst select habitats and hosts that will allow higher survival, greater larval growth, and faster development (Jaenike 1978) or higher adult realized fecundity (Scheirs and De Bruyn 2002) . In that sense, a general agreement is expected between postÞre characteristics that best predict the spatial pattern of the surviving progeny and colonizing adults. This should be particularly true for organisms with quasisessile offspring (cerambycid larvae are almost unable to move from one tree to another) as they strongly depend on the substrate on which the females will lay their eggs (Gripenberg et al. 2010) . Differences between larval requirements and habitat attributes selected by adults may have consequences on species Þtness (Allison et al. 2004 ). Nonoptimal habitat selection by adults was already reported for other insects (Rausher 1979) , including saproxylic taxa (Saint-Germain et al. 2010) . This apparent nonoptimal behavior (i.e., dispersal toward severely burned landscapes), appears to be a costly strategy that should lead to lower species Þt-ness. A nonoptimal strategy may be used if the rate of food discovery is higher in the low-suitability habitat (Rausher 1979) . Indeed, despite the lower number of progeny emerged from severely burned trees, such behavior may lead to higher absolute progeny emergence than in lightly burned landscapes. These are frequently intermingled with large patches of unburned forests where suitable substrates are rather uncommon compared with extensively burned landscapes. As a result, attraction to severely burned patches may still be viewed as an opportunity, yet not a panacea, for xylophagous species.
In this context, A. pratensis offers an interesting case. As for other species, adults were attracted to severely burned forests. However, the fact that progeny was much more common in severely burned landscapes is puzzling. In postÞre stands, recent analyses tended to associate neonates of this species with moderately to severely burned trees (Azeria et al. 2011, in press ) as opposed to most phloem-feeders (as in this study), even though one presumes that nutrient content would be higher in lightly burned trees. Such patterns may be related to within-guild competition (e.g., with A. proteus proteus), predation, or both as this species consistently showed segregated patterns with species of the same feeding guild and predators (Azeria et al. 2011, in press ).
It must be noted that this study did not intend to characterize the behavior of egg-laying females on the burned substrate, nor larval mortality directly. Indeed, one may argue that lower colonization in severely burned forests may have resulted from the behavior of egg-laying females rather than from higher postÞre larval mortality. Females may assess tree characteristics postalightment, which may obviously affect tree colonization. For example, female M. scutellatus scutellatus are known to assess phloem thickness during scar excavation before ovipositing (Peddle et al. 2002) and to lay their eggs only in boles with sufÞcient moisture content (Dyer and Seabrook 1978) . Furthermore, females of the cerambycid Arhopalus tristis favor burned over unburned boles to lay their eggs (Suckling et al. 2001 ). As such, even though adults were more common in severely burned stands and landscapes, females may have preferentially laid their eggs on lightly burned trees, although massively rejecting severely burned trees postalightment. In this case, although adult abundance data would argue against an optimal foraging behavior, detailed analyses of egg-laying female behavior may conÞrm the opposite. Nevertheless, whether our measured progeny survival depends on postoviposition larval mortality or on the host selection behavior of ovipositing females is still unknown and remains to be explored.
In conclusion, this study is the Þrst to document both the colonization pattern of adult cerambycid beetles the very year of the Þre in conjunction with the subsequent realized colonization of Þre-killed trees by using environmental attributes measured at multiple spatial scales. Although adults of two out of three species showed a multiscale colonization pattern, occurrence or abundance of surviving progeny relied almost exclusively on tree-and plot-level variables. Moreover, discrepancy was observed between effects of Þre severity on adults, especially at larger scales, when compared with tree-scale Þre severity conditions leading to higher progeny emergence. The concomitant sampling and analysis of both life stages provided new insights into the early colonization process of Þre-killed trees by xylophagous species that would not have been assessed using either ßight-intercept traps or rearing alone. As such, patterns of abundance and occurrence in trunk-window traps the very year of Þre rather represented the resulting multistep and multiscale colonization behavior of adults, rather than a proxy for reproductive success in dead wood.
